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INTRODUCTION 


The anatomy of the sugar beet (Beta vulgaris L.) affected with 
mosaic has been inpestigated by several workers, but some restilts 
are contradictory. Robbins (46)? described necrosis of the vascular 
tissues and of the adjacent parenchyma in mosaic beets, and Roland 
(47) saw gummosis in the phloem tissue of beets affected by “jaun- 
isse,” which. he regarded as similar to beet mosaic. Bining (7), 
Schaffnit and Weber (45), and Sirotina (44), on the other hand, re- 
ported no phloem necrosis in mosaic beets. Schaffnit and Weber (48) 
found foreign bodies in the phloem of mosaic sugar beets, but Sir titas 
(54) noted such bodies in healthy plants also. According to the 
modern concept, a mosaic virus is not limited to the phloem and pro- 
duces few or no abnormalities in this tissue (5, 2/); it therefore 
appeared pertinent to reexamine the phloem of beets ‘affected with 
mosaic. The first part of the present paper compares the phloem of 
healthy and mosaic-diseased sugar beets. 

The second part deals with the structure of the mesophyll in mosaie 
beet leaves, particularly with er abnormalities. According to 
many workers (7-15, 25, 32, 34, 42, 53, 57), the yellow areas in leaves 
affected with mosaics are hypoplastic and contain small chloroplasts 
reduced in numbers as compared with healthy mesopliyll or with the 
dark-green areas of mosaic leaves. Some workers strongly emphasize 
that underdevelopment is the only abnormality of the yellow areas, 
that cell contents are not destroyed, and that the affected cells con- 
tinue to develop until they become more nearly like those of the green 
areas (7, 8, 10, 11, 12, 13). Although recognizing hypoplasia as the 
principal disease symptom in the yellow areas, other workers record 
also some injury to the contents, particularly the plastids (9, 14, 25, 
32, 44). The present study is concerned especially with the question 
whether underdevelopment alone explains the peculiarities of the yel- 
low areas in mosaic leaves, or whether destructive changes also occur 
in them. 
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MATERIALS AND METHODS 





The mosaic-diseased sugar-beet material was obtained from artifi- 
cially inoculated greenhouse plants grown at Riverside, Calif. and 
from naturally inoculated plants in fields of the Sacramento Valley. 
Healthy leaves were collected from greenhouse plants and in fields that 
showed no mosaic in the years when this disease was not prevalent. 
Symptom-free plants in severely affected fields were also sampled. 
The material was examined partly in the fresh state in freehand sec- 
tions mounted in water, partly after treatment by a common paraffin 
method. Tap and distilled water were tried for the fresh sections, but 
the former was selected as the less injurious medium. Several killing 
solutions were employed in the paraffin method, mainly formalin- 
aceto-alcohol mixtures, Randolph’s modified Navashin fluid (35, p. 45), 
and a bichromate-chromic-osmic acid solution according to Champy 
(40, p. 37). The paraffin sections were cut 7 to 10 microns thick and 
were stained with Heidenhain’s haematoxylin and safranine as used 
previously by the writer (22)*. This staming method gives a good 
wall differentiation and also shows cytoplasmic details. The stain 
may be variously balanced so as to have either the haematoxylin or the 
safranine predominating in the cytoplasmic structures. In detail, 
the schedule is as follows: 

(1) Place slides, with paraffin removed, in distilled water. 

(2) Change distilled water 5 times during 10 minutes. 

(3) Mordant in 4-percent aqueous ferric ammonium sulphate for 10 minutes. 

(4) Transfer to distilled water, and change the latter 4 or 5 times during 10 
to 20 minutes. 

(5) Transfer into a weak solution of haematoxylin prepared by putting 10 
drops of stock solution (2.5 gm. of haematoxylin crystals in 100 ec. of 95-percent 
ethyl alcohol) into a Coplin staining dish with tap water or with distilled water 
made slightly alklaline with sodium bicarbonate. Stain until the walls appear 
bluish. The time varies with the kind of material, the age of the organ, and the 
fixing solution used. From 10 to 20 minutes was required in the present 
investigation. 

(6) Rinse in tap water. 

(7) Stain 6 to 24 hours in a dilute safranine solution prepared by ‘adding 
5 to 6 drops of stock solution (1 gm. safranine O in 100 cc. of 50-percent alcohol) 
to a Coplin dish with tap water. 

(8) Destain in 50-percent alcohol, and carry through higher alcohols to 
xylene. Treat each slide individually. 

(9) Mount in balsam. 

The larger photographs were taken on Isopan film, the smaller on 
Finopan film. Wratten filters B-58 (green) and 44 (minus red) were 
used in photography. The drawings were prepared with the aid of 
a camera lucida. All photographs were made from paraffin material, 
the drawings mostly from freehand sections. 


EXTERNAL SYMPTOMS OF BEET MOSAIC 


As several workers have indicated (7, 43, 46, 54, 58), the yellow- 
green mottling of the mosaic beet leaves shows various patterns and 
different degrees of paleness and distinctness of the yellow areas. 
Masking of symptoms also occurs in this disease. Figure 1 shows a 


8’ This material was supplied by Dr. C. W. Bennett, Division of Sugar Plant Investigations, 
U. S. Department of Agriculture. 

*This method of staining was originally recommended by Dr. R. H. Wetmore, of Harvard 
University. 
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healthy leaf and a mottled mosaic leaf of greenhouse plants from 
Riverside, and figure 2 illustrates the common patterns of mottling 
found on mosaic beets in a field near Davis. Leaf A in figure 2 has 
the diffuse type of mottling characteristic of older leaves. In leaf B 
the yellow areas are comparatively large and sharply delimited. This 
pattern somewhat resembles that of the mosaic leaf in figure 1. The 





‘ Figure 1.—A, Healthy. leaf and B, mosaic-diseased leaf from sugar-beet plants 
grown in a greenhouse at Riverside, Calif. The diseased plant was artificially 
inoculated with the mosaic virus. (Photograph furnished by Dr. C. W. 
Bennett.) X1: 


contrast between the yellow and green areas is particularly sharp in 
leaf C (fig..2): In leaf D the yellow areas have the shape of small 
roundish spots. 


ANATOMY OF THE PHLOEM OF MOSAIC LEAVES 


The present writer (78, 19) has already described the development 
and structure of the phloem in healthy sugar-beet leaves. Briefly, 















98 


Journal of Agricultural Research 


the functioning phloem as seen in a transverse section of a bundle 
(pl. 1, A) is a small-celled tissue composed of sieve tubes, very small 
companion cells, and phloem parenchyma cells. These last are the 
largest in the tissue. The older part of the primary phloem which 
ceased to function constitutes the bundle cap (pl. 1, A, left). Within 
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FicuRE 2.—Leaves from mosaic-diseased sugar-beet plants from a naturally 
infected commercial planting near Davis, Calif.: A, Diffuse type of mottling 
characteristic of older leaves; B, yellow areas comparatively large and sharply 
delimited; C, contrast between yellow and green areas particularly sharp; 
D, yellow areas appearing as small roundish spots. X %. 


it the remnants of crushed sieve tubes and companion cells seem like 
deeply stained wall thickenings. The intact cells of the cap are the 
much-elongated phloem cells, which develop rather thick cellulose 
walls after the conducting elements of the phloem are obliterated. 
Younger and older leaves from many severely affected plants grown 
in greenhouse and outdoors were examined for phloem structure. No 
abnormalities were observed in the vascular tissues, when the leaves 
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showed no necrosis externally. A vascular bundle of a young, severely 
mottled leaf from a field-grown plant appears in plate 1, B. This 
bundle is younger than that in plate 1, A. It shows normal phloem 
and an immature bundle cap in which the different stages in oblitera- 
tion of the sieve tubes and companion cells are conspicuous. The 
phloem of sugar-beet leaves affected with curly top strikingly con- 
trasts with that of the mosaic leaves. Curly top induces hypertrophy 
and hyperplasia in the phloem of affected plants. The tissue result- 
ing from these growth abnormalities sharply deviates from the nor- 
mal phloem (78, 20). Eventually it collapses, and a gumlike sub- 
stance accumulates among the dead cells. 

Certain mosaic leaves used in the present study showed necrosis 
of various tissues. Thus necrosis of phloem, xylem, mesophyll, and 
epidermis was observed in the local lesions that sometimes appeared at 
the place of inoculation and in yellow areas along the veins through 
which the virus passed from the place of inoculation before systemic 
infection occurred. The necrosis was a collapse of cells that appeared 
to have developed normally, accompanied by an accumulation of deeply 
staining material. Judging from these instances of phloem necrosis, 
this abnormality may occur under certain conditions in mosaic beet, 
but is not a constant or specific symptom and does not indicate a 
close relation of the mosaic virus to the phloem. In contrast, phloem 
degeneration in curly top diseased plants is a constant primary symp- 
tom and is one indication of the close association between the virus 
and the phloem of the host. The other pathologic changes in mosaic 
and curly top beets point in the same direction. The stunting of 
plants and the malformations on leaves in curly top appear to be 
secondary symptoms that can be explained as resulting from dis- 
turbances in the phloem tissue (18, 20). The mesophyll abnormali- 
ties in mosaic beets, on the other hand, can be well interpreted as pri- 
mary symptoms induced by the virus in this tissue. 

It is ‘difficult to explain the necrosis of entire mesophyll cells and 
even of the vascular tissues observed in the mosaic material just de- 
scribed while such necrosis is absent in leaves that develop after the 
systemic infection has become established. Conceivably, at the place 
of inoculation and along the veins where the virus is first moving out 
of the places of inoculation, the virus concentration is particularly 
high and produces an initial shock, causing some necrosis. Further 
studies on this problem would be of interest. 

Robbins (46), who considered malformations and necrosis of tips 
of leaves in mosaic sugar beets to be symptoms of mosaic, sectioned 
such leaves and found in them necrosis of phloem and other tissues. 
From these observations he concluded that beet mosaic induced phloem 
necrosis. The malformations and tip necrosis that he described are 
not, however, symptoms of beet mosaic and frequently occur in plants 
not affected by this disease.° 

While the condition of the phloem in mosaic beets was being con- 
sidered, this tissue and others were examined also for the bodies de- 
scribed by Schaffnit and Weber (48) and Sirotina (54) in mosaic and 
healthy beets. These “elytrosoma” are said to be commonly spindle- 
shaped or very much elongated, often of the same size as the nuclei or 


5 Personal communication by Dr. C. W. Bennett and Dr. Eubanks Carsner, Division of 
Sugar Plant Investigations, United States Department of Agriculture. 
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larger. They either are homogeneous or they contain spheroidal gran- 
ules. Schaffnit and Weber emphasized that these bodies occurr ed in 
undifferentiated phloem of young leaves. In the present study no 
bodies of the sort were observed. Plate 2, A, illustrates a tangential 
iongitudinal section of procambium and young phloem of a bundle 
from a young sugar-beet leaf that showed severe mottling. There 
are no foreign bodies in evidence. The somewhat elongated nuclei 
are the only conspicuous structures within the proc ambial cells in the 
center of the field. In some cells two nuclei appear to be present, but 
only as the result of an optical effect. The procambial cells are radi- 
ally compressed, and in tangential sections the nuclei of two cells 
may occur at very close levels. The procambial walls are not thick 
enough to obstruct the light materially. The phloem appears above 
and below the proce ambium in plate 2, A. This tissue has certain 
characteristic protoplasmic elements sometimes erroneously related 
to diseases (19, 21). Plate 2, B, shows slimy accumulations of an im- 
mature sieve-tube element ; plate 2, C and /), the sieve-tube plastids of 
mature sieve-tube elements. The “elytrosoma,” as described in the 
literature (48, 54), do not resemble the slime bodies or the sieve-tube 
plastids. They may be compared with some nuclei in the elongated 
cells of the vascular bundles, such as those in plate 2, / to G, but are 
not supposed to show the same internal structure as the nuclei. 


EFFECT OF MOSAIC UPON THE MESOPHYLL 


According to Boning (7), the beet mosaic resembles other mosaics 
in that it induces coer by retarding the differentiation of isolated 
spots in the mesophyll. These spots become the yellow areas as the 
leaf develops. The yellow areas are thinner, w ith fewer intercellular 
spaces and less chlorophyll, than the green areas. Boning (7), who 
attributed all these abnormalities to SS of the mesophyll 
and chloroplasts, recorded no destructive changes in mosaic leaves. 

The material used in the present study confirms the view that the 
mesophyll in the yellow areas is hypoplastic. Plate 3 illustrates a 
section from a green area (A) and a yellow area (B) of the same 
medium-sized mosaic leaf. Tn each photograph the palisade region 
appears above, the spongy below. The yellow area, as contrasted 
with the green, shows certain juvenile characteristics: the mesophyll 
is not differentiated into palisade and spongy layers, its cells are more 
or less isodiametric, and the intercellular system is rather poorly de- 
veloped. Its chloroplasts, furthermore, are indistinct ature con- 
sidered in detail elsewhere in this paper. A dark-green area (pl. 
3, 4) may appear thicker than healthy mesophyll from leaves of com- 
parable age or older (pl. 4, 4) ; that is, the green areas may be hyper- 
plastic. The degree of difference between “them and hes althy meso- 
phyll varies considerably, however; they may be no thicker than 
the healthy leaf. The differences between the yellow and the green 
areas also vary. In a very young leaf the difference in the rate of 
development of the green and yellow areas will not have had time to 
produce variations in leaf thickness. In old leaves, on the other hand, 
the two areas may have the same thickness because the effect of the 
disease is insufficiently severe. According to Boning (7), the yellow 
areas continue to develop so that eventually they become more nearly 
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A, Tangential longitudinal section through procambium of a vascular bundle of a 
young mosaic-diseased beet leaf. x 290. B, Sieve-tube slime; C and D, sieve- 
tube plastids ; and E, procambial nuclei from section as in A. F and G, Nuclei 
in xylem parenchyma of mosaic beet leaves. H to M, Plastids in different 
stages of coalescence and nuclei from various cells in mosaic beet leaves. 
B to M, X 900. 
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Transverse sections of a green (A) and yellow (B) area of a medium-sized beet 
leaf severely affected by mosaic. X 290. 
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A, Transverse section of mesophyll of healthy medium-sized beet leaf. 290. B to 
H, Mesophyll chloroplasts, and J, epidermal plastids and nucleus from healthy 
¢B to F) and symptom-free (G to J) beet leaves. B to F, fixed according to 
Navashin; G-to J, according to Champy.. B to J, X900. / 
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A, Transverse section of a green area; and B to E, several cells from such areas 
of very young mosaic beet leaves. A, X290; B to E, X900. F, Transverse 
section of a yellow area; and G to J, several cells from such areas of the same 
leavesasin Ato kz. F, X290;@toJ, X900. 
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like the green. Some old leaves with mild mottling used in the pres- 
ent study showed only slight histologic differences between the yellow 
and green areas, but these leaves might have been infected while they 
were partly differentiated and in consequence might have been little 
affected by the virus. Whether a leaf showing as striking a difference 
between the light and dark areas as in plate 3 would largely eliminate 
this difference during further development still remains to be deter- 
mined, Often the yellow areas show such profound cytologic disor- 
ganization that the possibility of recovery seems doubtful. “Dev elop- 
mental studies with repeated samplings of the same leaves are desira- 
ble in this connection. 

In leaves developing after the systemic infection has occurred the 
future yellow areas are characterized by suppression of cell divisions, 
whereas the cells of the future green areas continue to divide actively 
or perhaps even divide at abnor ‘mally high rates if the resulting green 
area becomes hyperplastic at maturity. In the early stages ~of de- 
velopment, consequently, the green area (pl. 5, 4) has smaller but 
more numerous cells and appears less differentiated than the yellow 
area of the same leaf (pl. 5, #). Later, when the green area assumes 
its more or less mature characteristics, the yellow area appears as 
an underdeveloped portion of the leaf (pl. 3) 


EFFECT OF MOSAIC UPON THE PLASTIDS 


PLASTIDS OF HEALTHY AND SYMPTOM-FREE LEAVES 


Plastids easily react to various stimuli by changes in their ap- 
pearance, and the modifications within the range of normal variability 


are not clearly separated from those indicating a pathologic state. 
Because the problem of changes in the physical state of plastids is so 
complex (29, 52, 61), the plastids of the healthy and symptom-free 
beets were studied in detail before diseased material was considered. 
When plastids were examined in fresh sections, two criteria were 
used in identifying living cells: the occurrence of protoplasmic stream- 
ing and the presence of mitochondria. Though the absence of stream- 
ing does not necessarily indicate that the cell is dead, its presence is 
generally regarded as a sign of life. Mitochondria, on the other hand, 
are very fragile: their presence indicates that the cell has not been 
materially injured in preparation. These bodies were not identified 
by applying specific tests; rather, they were located and interpreted 
as mitochondria by comparing published descriptions of mitochondria 
with bodies observed in cells of a variety of plants, including the beet. 
Furthermore, different fixatives were applied under the microscope. 
Some were acetic acid fixatives, known to cause a dissolution of mito- 
chondria; others were bichromate fixatives, said to preserve them. 
The mitochondria as identified by these means in the beet commonly 
appear as dumbbell-shaped rods “with swellings on both ends. Fre- 
quently the elongated mitochondria separate into pairs of spherical 
bodies. With time this separation becomes more common, so that after 
2-3 hours of observation the spherical bodies predominate. The mito- 
chondria are carried by the streaming cytoplasm and often show also 
an oscillatory movement. Other common bodies comparable in size 
with mitochondria occur in the living cells... These, being much more 
highly refractive than the mitoc hondria, are probably oil globules. 
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The appearance of the nucleus may also be used as a criterion of cell 
condition. In a living cell, with ordinary illumination, the nucleus 





Figure 3.—Plastids and nuclei in freehand sections from mosaic-free beet plants. 
A, Chloroplasts of a mesophyll cell. X 1,360. B, Chloroplasts crushed by 
pressure on cover glass. C, Leucoplasts and nucleus from pith of 
hypocotyl. %X 1,400. D, Chloroplasts and nucleus from petiole. X 1,400. 
HE, Chloroplasts and nucleus from pith of seedstalk. X 1,400. 


F, Same asin 
FE after treatment with a bichromate fixative. > 1,400 


X 1,360. 


shows no structure; but in a dead cell it has a granular reticulum or is 
granular throughout. 
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According to recent literature, chloroplasts may appear either gran- 
ular or homogeneous, both conditions being normal (4, 31, 60, 62, 63). 
The chloroplasts of the beet leaves, whether from the mesophyll (fig. 
3, A) or from other chlorophyll-containing parenchyma (fig. 3, )), 
often show a distinctly granular structure. The granules are ar- 
ranged in somewhat orderly fashion (fig. 3, 4); they appear dark 
at one focus, light at another (fig. 3, D); and when the plastid is 
mechanically crushed by pressure on the cover glass, the mass remains 
granular (fig. 3, B). At other times the chloroplasts are very finely 
granular, with few, somewhat large granules showing no orderly 
arrangement (fig. 5, A-C). No entirely homogeneous chloroplasts 
were observed in this study. 

The chloroplasts of the mesophyll may be more or less flattened and 
appressed to the walls. Sometimes they are spread out so much as 
to crowd each other and assume somewhat angular outlines (fig. 5, B). 
Or they may be rounded off and not at all crowded (fig. 3, A; 5, @). 
Different cells in the same section may show different degrees of 
flattening of the chloroplasts. Though these differences in shape 
might partly account for the apparent variations in plastid size, 
actual differences in plastid mass probably occur also. The photomi- 
crographs in plate 4, B to H, illustrate variations in size of chloro- 
plasts upon fixation and dehydration in sections of mature leaves. 
The plastids in plate 4, B to ), were found in different cells of one 
leaf section; those in plate 4. F and F, in cells of another; those in 
plate 4, G and //, in cells of a third. Even within a given cell, plastids 
may vary in size (fig. 5, A). Apparently in relation to the time of 
collection, the chloroplasts either did or did not contain starch grains. 
The chloroplasts in plate 4, 8 to F’, show starch grains. 

The chloroplasts of the parenchyma cells surrounding the vascular 
bundles of the medium and large veins are smaller and paler than 
the chloroplasts of the mesophyll. They tend to aggregate about the 
nucleus (fig. 3, 2 and Z) like the leucoplasts that occur in the colorless 
pith parenchyma of the root crown or flowering stalk (figs. 3, C, and 
4, A). The aggregation of certain plastids around the nucleus has 
been recorded in the literature (29,52). In living cells the leucoplasts 
or the pale chloroplasts appear to touch the nucleus (figs. 3, C to £). 
When killed, however, the nucleus shrinks, and the distance between it 
and the plastids is somewhat increased. Figure 3, /’', shows the same 
nucleus and plastids as figue 3, /’, but after treatment with Navashin’s 
fixing fluid. In the fixed cell of figure 4, A, also, the nucleus is some- 
what shrunken. 

The leucoplasts characteristically undergo amoeboid changes in 
shape. Figure 4, B, shows the changing shape of one leucoplast dur- 
ing 15 minutes. The amoebid shape of leucoplasts is also evident in 
figure 3, C, taken from a living cell, and in figure 4, A, showing a cell 
treated with a mitochondrial bichromate fixative. Though the chloro- 
plasts display less tendency toward amoeboid changes, they may have 
colorless processes that alter their shape and size (fig. 3, /’). 

The living leaf sections are eventually injured by the tap water used 
for mounting them. Sooner or later after being mounted, certain 
cells exhibit vesiculation of plastids. The plastids (and the mito- 
chondria) swell and are converted into vesicles while the nucleus 
shrinks (fig. 4,). When a chloroplast swells, it sometimes appears 
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as though split in two halves still attached to the vesicle (fig. 4, )) ; 
or a green granular mass dispersed over the surface of the vesicle makes 
the latter appear in optical section like a ring with green particles 
adhering to it all around. Whether these particles are within the 





Figure 4.—Nuclei and plastids frem mosaic-free beet (A-C) and Chenopodium 
murale (D) plants. <A, Protoplast of parenchyma from hypocotyl treated with 
a bichromate fixative and embedded in paraffin. X 1,260. B, Series of free- 
hand drawings of the same living leucoplast from parenchyma cell, showing 
amoeboid changes that occurred during 15 minutes. About X 1,200. C, 
Shrunken nucleus and swollen chloroplasts and mitochondria affected by tap 
water used for mounting. X 1,200. D, Shrunken nucleus and swollen chloro- 
plasts treated with a bichromate fixing solution after they were affected by 
tap water. 1,200 


membrane of the vesicle and form bulges on its surface or whether 
they adhere on the outside has not been ascertained. The literature 
does not clearly answer this question (36, 47, 67). One can fix the 
vesicles by treating the section with a fixing fluid under the microscope 
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A and B, Chloroplasts from a healthy leaf. C, H to I, and M to Q, Cells from 
yellow areas of mosaic beet leaves. D, and J to LZ, Cells from green areas of 
mosaic beet leaves. A to J, Fixed according to Navashin; J to Q, according to 
Champy. All X 900. 
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(fig. 4, 2) ; but they have not been observed in paraffin material. In 
fresh sections they eventually burst, leaving a greenish granular mass 
behind. When during cutting the chloroplasts are extruded from the 
cells, they ‘vesiculate much quicker than the plastids within the cells. 
There is also a variation in the time when this phenomenon appears 
in different cells of the same section. In some cells, probably injured 
in cutting, vesiculation appears at once; in others not for various 
lengths of time; or the protoplast may disintegrate without swelling 
of plastids. 
PLASTIDS OF MOSAIC LEAVES 


The chloroplasts of the dark-green areas of mosaic leaves (fig. 5, 
“and F, and pl. 6, D, J to LZ) generally resemble the chloroplasts of 
healthy. and symptom-free leaves (fig. 5, A to C; pl. 4, Bto H). The 
two kinds of plastids show similar variations in size, degree of granu- 
lation, degree of spreading and flattening: both may or may not have 
starch. Plastids in sections of the green areas of mosaic leaves tend 
to show somewhat more pronounced vesiculation than the healthy 
mesophyll. 

The chloroplasts of the yellow areas undergo pathologic changes of 
different degrees. Generally, if these chloroplasts are present as dis- 
crete bodies, they are light-colored. Starch is occasionally present if 
the plastids are not much modified. The latter apparently vary in 
size as much as the chloroplasts of the dark-green areas or of healthy 
leaves; but no statistical studies of plastid size were made during the 
present investigation. Chloroplasts in yellow areas show a much 
greater tendency toward vesiculation than those in healthy mesophyll 
or in dark-green areas of mosaic leaves. Numerous cells in water 
mounts of sections of yellow areas appear as though filled with foam 
(fig. 5, G), the vesicles sometimes deforming each other. More or less 
fragmented chloroplasts are associated with the vesicles. Eventually 
the latter burst, and a granular pale-green or vellowish mass remains. 

Chloroplasts that do not become vesiculated tend to be spread out 
very thin or to coalesce. Sometimes they appear amoeboid in shape 
(fig. 5, D). The different appearance of the coalescing plastids sug- 
gests the following sequence in the process. The plastids are clumped 
within a cytoplasmic sheath that appears very tenuous (fig. 6, 4). 
Then the chloroplasts lose their sharp outlines (fig. 6, C), and finally 
the plastids and the cytoplasm together appear as a greenish mass 
closely appressed to the cell wall (fig. 6, B). At this stage the cells 
still respond with plasmolysis to hypertonic sugar solutions. Even- 
tually, in fresh sections, the coalesced material fragments. At the 
same time the nucleus becomes granular, and crystals appear in the 
cell. Some highly refractive bodies, usually one per cell, may be 
present before the cell becomes completely disorganized (fig. 6, A, 
above); but there may be similar bodies in symptom-free sections 
also. Usually the plastids appear in different stages of coalescence 
when the section is mounted, but sometimes fusion occurs during ob- 
servation. Thus of the two cells in figure 6, D, the lower showed 
fusion of plastids about 30 minutes after the section was prepared. 
The plastids clumped together, became coarsely granular, and then 
fused (fig. 6, #). Cytoplastic streaming ceased, and crystals appeared 
near the nucleus. The slide was placed in a refrigerator overnight, and 
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Figure 5.—Mesophyll cells from freehand sections of sugar-beet leaves mounted 
in tap water. A to C, From a plant free of symptoms; D and G, from yellow 
areas, and HE and F, from green areas of mosaic leaves. Further explanations 
in text. All X 1,450. 
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Figure 6.—Mesophyll cells from mosaic beet plants mounted in tap water. The 
chloroplasts in A to C and £ are in different stages of coalescence. The chloro- 
plasts in D are not coalesced, but the lower cell in D appeared as in EF 30 min- 
utes after being mounted. All X 1,450. 
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next morning the upper cell was still intact. In the lower cell, 
however, the protoplast was completely disintegrated. The two cells 
in figure 6, ), were originally drawn to illustrate the characteristic 

variation in chloroplast size inthe mesophyll of mosaic and diseased 
beet leaves. The cells in figure 6, , occurred in the border between 
a yellow and a green area. 

Coalescence of chloroplasts in yellow areas is evident also in paraffin 
material. Plate 6, C, shows coalesced plastids within the cytoplasmic 
sheath lining the walls of two cells. Plate 6. # to /, gives several face 
views of partly and entirely fused chloroplasts. .The spreading of 
plastid material in earlier stages of coalescence is obvious in plate 6, EB, 
a view which strikingly contrasts with that of the rounded-off plastids 
from a dark-green area in plate 6, D. The occurrence of coalesced 
plastids in paraffin material and in parts of fresh sections somewhat 
removed from cells obviously injured in preparation indicates that 
the chloroplasts of yellow areas may be in various stages of coales- 
cence in intact leaves. 

Rather thoroughly degenerated cells such as are encountered ‘in 
paraffin sctions of yellow areas appear in plate 6, J/ to Q. For con- 
trast, cells from the dark-green areas of the same leaf are shown in 
plate 6,/ to Z. In plate 6, M, the e hloroplasts, nucleus, and cytoplasm 
form together a protoplasmic sheath closely’ appressed to the wall. 
This sheath is rather thick where the nucleus occurs. The cell in plate 
6, V, contains darkly staining deposits, probably tannic in nature, as 
well as the photoplasmic sheath lining the wall. The cell in plate 
6, O, is similar except that it shows also a vesiclelike structure at the 
lower right. Another vesicle appears in the cell above. The origin 
of these vesicles has not been determined. They are probably not 
degenerated nuclei, because often more than one vesicle occurs in a 
cell, whereas the chloroplasts are part of the coalesced mass lining 
the wall. In plate 6, P and Q, the plastids appear like irregular 
amorphous masses smeared on the wall. The nuclei were not. dis- 
cernible in cells shown in plate 6, V to Q. 

It seems doubtful that cells so disorganized as those in plate 6, 
M to Q, could recover and become more nearly like those of the dark- 
green areas (pl. 6,7 to Z). The literature indicates, furthermore 
(see Discussion), that fusion of plastids, sometimes called agglutina- 
tion (39), is an irreversible process. The degenerative changes ob- 
served in the chloroplasts of the yellow areas, especially their 
pronounced tendency to swell and burst in water mounts or to fuse 
into amorphous masses, indicates a profound alteration in their physi- 

“al state. The entire protoplast appears to be changed, since the cells 
- the yellow area usually show no shrinkage of protoplasts (pl 6, 

', M to P) such as commonly appears in paraffin sections of healthy 
(ph. 6, A and B) and dark-green cells (pl. 6, Z). 

Since the partly or completely coalesced chloroplasts of diseased 
cells stain lightly, in photography the contrast must be artificially 
increased in order to bring out the plastids, as in plate 6, P and @. 
The diffuse condition of the plastids and their light staining explains 
the difference in cytological appearance between the dark-green and 
is yellow areas. In the former the chloroplasts are discrete, more 


r less deeply stained bodies (pl. 3, A); in the latter they are obscure 
(pl. 3, B). 
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The degree of chloroplast degeneration in yellow areas varies in 
different leaves and also in different parts of the same leaf or even 
of the same yellow area. These differences might be caused by a delay 
in virus entry into some areas or cells as compared with others, or by 
variations in resistance of cells to the virus. A combination of the 
two factors might be assumed also. There is evidence, however, that 
the mosaic virus affects the chloroplasts in different stages of devel- 
opment. Scarcity of plastids and suppression of cell division clearly 
differentiate the yellow (pl. 5, F-/) from the green (pl. 5, A-/) 
areas in leaves that show the earliest signs of mottling. Judging 
from the youngest sections in plate 5, B and G, the chloroplast develop- 
ment might ‘be suppressed or delayed’ in the yellow areas. At least, 
it is difficult to decide whether the appearance-of.cells as in plate 5, 
G, results from inhibition of chloroplast development or from disor- 
ganization of structures already present in the cells. According to 
Sheffield (53), plastid primordia usually are destroyed in solanaceous 
hosts having aucuba mosaic, whereas mature plastids are not affected 
by the virus. No special attempts to distinguish plastid primordia 
from plastids proper were made in the present study. Certainly, how- 
ever, the yellow areas are deficient in plastids at the earliest stages 
of their differentiation (pl. 5,@). Slightly later (pl. 5, 7 to J) some 
plastids develop, but.they stain lightly. and are somewhat diffuse. - In. 
still older Jeaves the yellow areas may have more or less affected chloro- 
plasts (pl. 6, #, F, 7), or the latter may be thoroughly disorganized 
(pl..6, G, 7, If, to @).. Probably the more severely degenerated cells 
are those affected by the virus in their earliest stages of development. 
_ The evidence that choloroplasts.of partly developed leaves are 
affected by the mosaic virus was obtained from leaves that were inocu- 
lated or that received the virus from the. inoculated leaf in advanced 
stages of development.® - Yellow spots sometimes develop at the place 
of inoculation. In the present study such spots showed signs of injury, 
apparently caused by rubbing. the leaves during. inoculation; the 
epidermal cells‘on the upper side of. the blade and sometimes also the 
deeper layers of mesophyll were necrotic, and wound-healing reac- 
tions had set in beneath the necrotic cells. As is well known, wound- 
healing involves .hypertrophy and hyperplasia accompanied by loss 
of chloroplasts, if the latter are present in the affected tissue. Many 
other cells, however, in the yellow. areas somewhat removed from the 
places of superficial necrosis also showed degeneration of chloroplasts. 
The latter appeared very small or diffuse or were fragmented, or the 
entire protoplast was replaced by flocculent material. Darkly stain- 
ing bodies of cholorplast size, possibly necrotic chloroplasts, also oc- 
curred in these sections ; and some entirely necrosed cells were dispersed 
among those that were still intact. Similar degenerative changes oc- 
curred in the yellow strips of mesophyll that were located along the 
larger veins through which the virus moved out from the place of 
inoculation; also in the yellow mesophyll associated with a lateral 
vein in a leaf that was in an advanced stage of development when the 
virus entered the plant through another leaf. All the sections men- 
tioned above were compared with similar sections of mesophyll from 
symptom-free parts of the same leaves. These showed no plastid 
abnormalities. Plate 7, A, illustrates a section of yellow mesophyll 


® This material was prepared by Dr. C. W. Bennett. 
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occurring along a lateral vein through which the virus passed when 
the leaf was partly grown. The scarcity of chloroplasts strikingly 
contrasts this section with the mesophyll in plate 7, B, taken from a 
similar position in the opposite, symptom-free side of the same leaf 
The observations just given indicate that cells in different stages vf 
differentiation may be affected by the virus. 

Though the chloroplasts of the mesophyll show the most striking 
effect of the mosaic, the plastids of the parenchyma along the larger 
vascular bundles apparently also become disorganized. Such cells 
sometimes contain flocculent or reticulate bodies that lie more or less 
close to the nuclei (pl. 2, 7,7, and 4/). These bodies may also occur 
in parenchyma cells of the vascular bundles (pl. 2, A’) and in epider- 
mal cells (pl. 2,Z). The bodies seemingly result from coalescence of 
plastids. As already mentioned, plastids of some kinds of paren- 
chyma and of the epidermis frequently aggregate near the nuclei (pls. 
2, 7, and 4, /). This tendency would explain the proximity of the 
bodies to the nuclei. Views like the one in plate 2, 7, suggest transi- 
tional stages between the aggregation of plastids near the nucleus and 
their fusion into a body. "The absence of plastids in cells containing 
the bodies is still another indication that. these bodies are related to 
plastids. Morphologically the bodies in mosaic beet parenchyma 
resemble the X-bodies described in other mosaic diseases. 


DISCUSSION 


In general, the results of the present study of the mosaic sugar beet 
agree with other workers’ conclusions that the yellow areas in the 
mottled leaves of plants affected by mosaic viruses are deficient in 
chlorophyll and tend to be more or less thin as compared with the 
dark-green areas (7, 8, 9, 14, 15, 25, 32, 42, 55, 65, 66). The mosaic 
beet, furthermore, in common with many other mosaic plants (9, 14, 
42, 65, 66), shows certain juvenile characteristics in the yellow meso- 
phyll: the latter is not differentiated into palisade and spongy paren- 
chyma and its cells are cuboidal in shape and rather closely packed. 
In other words, these areas are underdeveloped, or hypoplastic, as 
compared with the green areas of the diseased leaves and with the 
mesophyll of the healthy leaves. Usually the yellow areas are de- 
scribed also as thinner than healthy mesophyll. An exception ap- 
pears to be mosaic Datura stramonium, in which, according to Smith 
(55), the yellow areas are approximately as thick as the healthy 
mesophyll. In the mosaic beet the yellow areas, though tending to be 
comparatively thin, varied in thickness and were sometimes as thick 
as the green areas of the same leaf or as the mesophyll of healthy 
leaves. 

The dark-green areas of mosaic leaves are often described as thicker 
than he althy leaves (14, 15, 42,55). Unusually long, narrow palisade 
cells are mentioned as occurring in these areas. Goldstein (25), 
on the other hand, regards the dark- -green areas as hypoplastic, though 
less so than the yellow areas. According to Clinch (9), the green 
spots of potato leaves affected with crinkle are thicker than healthy 
leaves, but in potatoes affected with certain other mosaics they are 
of the same thickness as the healthy mesophyll. In the present 
study the green areas of some mosaic beet leaves were markedly 














Anatomical and Cytological studies on beet mosaic PLATE 7 


A, Yellow mesophyll occurring, along a vein through which the mosaic virus 
passed when the leaf was partly grown. The chloroplasts have been partly 
destroyed in this mesophyll. X 290. B. Mesophyll taken from a similar area 
on the other side of the same leaf as in A, the side that showed no mosaic 


symptoms. <A normal complement of chloroplasts appears in this section. 
X 290. 
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thicker than healthy mesophyll of similar age, whereas in other leaves 
the green mesophyll resembled the healthy. 

According to the review just given with regard to thickness of 
mesophyll, the degree of difference between the yellow and the green 
areas on the one hand and between the healthy and diseased leaves on 
the other may vary considerably. Workers have also presented con- 
flicting data on the severity of cytologic effects of mosaic viruses, such 
as abnormal starch accumulations (7, 9, 16, 34, 42, 53, 57, 65, 66), or 
the inhibition of plastid development, or the occurrence of chloroplast 
destruction (7-15, 25, 32, 34, 42, 44, 53,57). Such variations may be 
expected. Viruses naturally differ in virulence, and the severity of 
symptoms is affected by the age of the leaf at the time of infection. 
Thus Stone (57) found little effect of the mild. mosaic virus upon the 
leaf thickness in potato, whereas Hoggan (32), using other mosaic 
viruses, observed the usual reduction in thickness of the yellow areas 
in solanaceous hosts. As Goldstein’s (25) study, on the other hand, 
clearly shows, leaves infected when still very young exhibit more 
marked external symptoms and internal abnormalities than those. that 
were partly differentiated when the virus entered them. Various en- 
vironmental conditions also affect.the expression of symptoms, as is 
evidenced by the masking of symptoms that occurs under certain con- 
ditions of light and temperature in many mosaics. The divergent 
reports on starch accumulation must be judged in the light of the ob- 
servations that viruses delay both accumulation and removal of chloro- 
plast starch. The susceptibility of symptom expressien to various in- 
ternal and external factors might well exnlain the conflicting data on 
the anatomic and cytologic. abnormalities in mosaic diseases. 

As was observed in the introduction to this paper, some workers 
attribute the abnormalities of the yellow areas of mosaic leaves to 
underdevelopment only: others describe destructive changes in the 
affected protoplasts as well. The present study supports the view that 
the cell contents are disorganized in mosaic leaves. Clinch’s (9) con- 
clusion that definite physiological disturbances act in conjunction with 
an initial underdevelopment seems to picture correctly the abnormali- 
ties in the light areas of mottled leaves. 

Hypoplasia in yellow areas merits further attention from students 
of pathological anatomy. In partly or fully developed leaves the yel- 
low mesophyll usually appears more juvenile than the green. Judging 
from certain developmental studies on mosaic plants (72, 14, 34), cell 
division in early stages of differentiation of mosaic leaves is suppressed 
in the yellow areas. Similar observations were made in the present 
study. Iwanowski (34), furthermore, pointed out that the yellow 
areas precociously develop intercellular spaces, so that in young leaves 
these parts seem to consist of a tissue older than the still-dividing, 
compact green mesophyll. Grainger and Heafford (27) found that 
certain groups of mesophyll cells in leaf primordia of mosaic tobacco 
underwent earlier vacuolation than other adjacent ones ; they suggested 
that these cells would become the yellow areas in the mature leaf. This 
suggestion, if correct, would indicate that the cells in the yellow 
areas complete differentiation before those of the green. The early 
appearance of intercellular spaces and the suppression of cell divisions 
in these areas point in the same direction. Apparently, then, in the 
early stages of differentiation, the yellow areas are hyperplastic, since 
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certain phenomena of tissue maturation appear in them earlier than 
elsewhere in the mesophyll. Later they appear hypoplastic because 
they do not complete the typical differentiation of the mesophyll tissue. 

Certain workers interpret the mottling of mosaic leaves as the result 
of an uneven spread of virus in the affected leaves (12, 25,53). Light 
areas arise in those parts of the leaf that are still very young when 
invaded by the virus, whereas green areas develop if the virus is late 
in reaching the cells. Despite | good evidence that yellow areas con- 
tain a higher virus concentration than the green leaf parts (26, 33), 
other phenomena besides the uneven spread _ of the virus might cause 
the mottling in mosaic leaves. Cells within the same tissue, even 
those occurring side by side, may react differently to the same stimuli 
or to injurious agents. Alexandrov (/) found that the tendency of 
sunflower chloroplasts to swell under certain climatic conditions varies 
within the same part of the leaf. According to Beauverie (2), fusion 
and degeneration of epidermal chromoplasts in Ranunculus petals 
treated with saponin may occur in one cell and not in another adjacent 
to it. Finding that certain zones die off in leaves of Bryum capillare 
treated with a-rays, while others remain alive, and that there are no 
transitions between the two zones, Biebl (6) assumed that the dead 
parts were less resistant. Gratzy-Wardengg (28) observed that star- 
vation caused the plastids to disintegr ate in most cells of fern pro- 
thallia, but that certain “green islands” of cells retained their chloro- 
plasts. These cells showed particularly high osmotic values and were 
able to undergo regenerative changes. According to Schwarz (5/), 
Selaginella grown at temperatures of 10° C. and below develops varie- 
gated leaves, the plastids degenerating in the white areas. Islands 
of green cells may remain, however, within the white tissue, indicating 
that individual cells vary in their responses to low temperatures. 
Sometimes one of two guard cells of the same stoma may remain green 
while the other turns white. At the present stage of our know ‘ledge 
of the virus-host relations, we cannot ignore the ‘possibility that cells 
of the same age and location in the plant body vary in susceptibility 
to the virus. 

With regard to the plastid abnormalities observed in the mosaic 
beet leaves, both vesiculation and fusion of plastids have been described 
by many workers. These abnormalities may be induced by various 
factors. In general, living plastids respond easily with vesiculation 
to changes in the osmotic equilibrium (2, 4, 29, 38, 49, 61). The 
swollen vesiculated chloroplasts may endure for many days, reacting 
to hypertonic and hypotonic solutions with changes in volume (6, 39). 
As a rule, the vesiculated plastids eventually burst, leaving behind a 
greenish granular mass. Knudson (37), however, reported having 
obtained a stable form of vacuolated plastids in Polypodium aureum 
gametophytes that occurred in progenies from X-rayed spores. 

Several workers have recorded vesiculation of chloropls asts in fresh 
sections of mosaic-diseased leaves. Iwanowski (34), who found that 
vesiculation in mosaic tobacco occurred most rapidly in the yellow 
areas, took this fact to indicate a lower resistance of these plastids. 
Similarly, Hoggan (32) saw plastids of the yellow leaf parts in mosaic 
potatoes swelling into colorless vesicles. She suggested that this phe- 
nomenon might bear on the formation of spheres in tomato mosaic 
reported by Sorokin (56). The liquefaction of the chloroplasts de- 
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scribed by Eckerson (77) in tomato mosaic also somewhat resembles 
vesiculation. According to Beauverie (2, 4), vesiculation of chloro- 
plasts in potatoes affected with leaf roll becomes more pronounced 
with increase in severity of the symptoms. Cook (/2) and Sheffield 
(53), observing vesiculation of chloroplasts in healthy and virus- 
diseased leaves, concluded that it had no bearing on the diseases. The 
results of the present study—observations on the rapid vesiculation 
and disintegration of chloroplasts in the diseased leaves and on the 
relatively greater stability of the chloroplasts in the symptom-free 
leaves—support the concept that resistance of the plastids to changes 
in the osmotic conditions of the environment is reduced by the pres- 
ence of the virus. 

The spreading of plastids, their loss of characteristic shape, the 
clumping and fusions observed in the mosaic-diseased beet leaves, all 
indicate a physiological disturbance. Similar plastid abnormalities 
have been frequently described in the literature. Although consti- 
tuting pathologic phenomena, they are not sharply separated from 
normal variations In shape and consistency of plastids. A spreading 
and flattening of chloroplasts, so that they crowd each other and be- 
come angular in outline, is apparently a normal state of the chloro- 
plasts in the mesophyll, which, however, alternates with a rounding 
off in relation to changes in light, temperature, moisture, and other 
conditions (6, 52,64). Amoeboid changes in shape with the produc- 
tion of pseudopodialike processes are known to occur in chloroplasts 
and particularly in leucoplasts under apparently normal conditions 
(23, 29, 31, 38, 39, 49, 52,61). Plastids may produce pseudopodia in 
light and round off in darkness (45). Pseudopodia may be formed 
by plastids when the cells are exposed to X-rays or are treated with 
plasmolyzing agents (6, 24, 37, 39). 

Spreading and change in the shape of plastids, however, may be the 
beginning of pathologic changes that result in their coalescence and 
tinal breakdown (3, 6, 28, 39,41). The fusion of plastids into an ap- 
parently viscous mass, sometimes called agglutination (39, 47), has 
been induced by treatment with hypotonic and hypertonic solutions, 
alcohols of low percentages, other organic substances, a-rays, and 
neutral red (3, 6, 39, 41, 59,61). Though agglutination is usually de- 
scribed as an irreversible pathologic change, Knudson (37) reported 
agglomerated and fused plastids as stable forms in gametophyte prog- 
enles from spores of Polypodium aureum treated with X-rays. 

Clumping and fusion of plastids have rarely been recorded by stu- 
dents of mosaic diseases. Dickson (74) spoke of agglomerations of 
chloroplasts and coalescence into irregular green masses in severe 
mosaic infections. Nelson (44), describing bean mosaic, mentions 
flattening of the stroma of chloroplasts and their eventual collapse 
into a coherent mass of viscous, pale-yellow or colorless material with 
a highly refractive surface. Loss of contours, clumping and fusion 
of plastids, were also observed in noninfectious chlorosis and variega- 
tions (30, 50,51). 

Judging from the data on plastid abnormalities, these structures 
can react similarly to many different injurious agents and environ- 
mental effects. The vesiculation and coalescence of chloroplasts in 
mosaic leaves cannot, therefore, be regarded as responses to a specific 
action of the mosaic virus. They are symptoms of physiologic dis- 
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turbances within the diseased cells—disturbances that might be 
brought about by various agencies, as well as viruses, and which re- 
duce the stability of the plastids. 


SUMMARY 


Sugar-beet leaves with systemic symptoms of mosaic used in the 
present study showed no abnormalities in the phloem; this tissue was 
not degenerated, nor did it contain any foreign or abnormal bodies. 
Apparently the mosaic virus is less intimately related to the phloem 
than is the curly top virus, which constantly and primarily induces 
phloem degeneration in the affected plants. 

The mottled mesophyll of the mosaic-diseased plants shows the usual 
characteristics of mesophyll of mosaic leaves. The yellow areas tend 
to be thinner than the green areas and show certain juvenile charac- 
teristics: their cells are nearly isodiametric and rather closely packed, 
with no typical differentiation into palisade and spongy layers. 
Early in development the yellow areas show scanty cell divisions, so 
that at first they have larger cells and appear more mature than the 
small-celled green areas in which divisions are still continuing. The 
green areas resemble healthy mesophyll] or appear hyperplastic. The 
degree of difference between the yellow and the green areas, on the one 
hand, and between the diseased and healthy leaves, on the other, 
varies considerably. 

The chloroplasts of the yellow areas undergo pronounced pathologic 
changes. In young cells they are deficient in number, possibly be- 
cause of delayed development or destruction of plastid primordia. 
In older cells the chloroplasts are pale and fragile; they readily re- 
spond with swelling and disintegration to the contact with tap water. 
Or the chloroplasts are diffuse and irregularly shaped, and stain 
lightly. In the most severely diseased cells the chloroplasts fuse into 
amorphous masses. Nuclei may be absent from such cells. Accord- 
ing to the literature, similar degenerative phenomena occur in plastids 
exposed to many different: injurious agents. Apparently they are 
symptoms of physiologic disturbances which are caused within the 
diseased cells by ‘the presence of virus, but which are not necessarily 
responses to any specific action of the virus. 
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REACTION OF LACTUCA SPECIES TO THE ASTER 
YELLOWS VIRUS UNDER FIELD CONDITIONS ! 


By Ross C. THompson 


Horticulturist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 
tration, United States Department of Agriculture 


INTRODUCTION 


The loss to lettuce growers attributable to the aster yellows virus 
in certain localities in the eastern part of the United States has 
amounted to as much as 30 percent of the crop in some seasons. 
The increasing seriousness of this disease has emphasized the need 
for a more satisfactory means of control than is at present available. 
In the hope of determining whether genetic factors for resistance to 
the aster yellows virus that might be of value in breeding resistance 
into the important commercial varieties could be located in any of 
the numerous species and varieties of lettuce, investigations were 
initiated. In 1935 a large collection of varieties of cultivated lettuce 
from both domestic and foreign sources was started at the Bureau of 
Plant Industry Station, Beltsville, Md. These were tested under 
field conditions to determine their reaction to the aster yellows virus. 
After several years of field testing it was concluded that none of the 
varieties of cultivated lettuce carry factors that are likely to be of 
value in breeding for resistance to this disease. Attention was then 
turned to the wild species of Lactuca. As many wild forms as could 
be obtained were collected and tested under field conditions for 
their reaction to the aster yellows virus. 

Yellows of aster (Callistephus chinensis (L.) Nees) was described 
by Smith (7),? who suggested that similar symptoms in other Com- 
positae might be due to the same cause. According to Kunkel 
(2, 3), the aster yellows virus is spread from plant to plant almost 
entirely by a single species of leafhopper (Macrosteles ‘diwisus (Uhl.)). 
He listed some 170 species of plants to which the virus was trans- 
mitted by M. divisus. Numerous other host plants have been added 
to the list. Some of these are wild forms that provide overwintering 
hosts for the leafhopper; from them the virus is spread to cultivated 

lants. 

, Probably the first report of aster yellows in lettuce was made by 
Carpenter (1), who indicated it to be the cause of considerable loss to 
lettuce growers in the Rio Grande Valley of Texas. Severin (5) pre- 
sented data which indicated that the strain of aster yellows virus 
found in California differed from the eastern strain. He (6) found 
a number of varieties of lettuce to be susceptible to the California 
strain. Linn (4) listed 23 varieties of lettuce that were susceptible 
to the eastern strain on Staten Island, N. Y. It is assumed that 
1 Received for publication March 10, 1943. The writer is indebted to the Division of Plant Exploration 


and Introduction for many of the species, varieties, and strains of Lactuca used in these investigations. 
2 Italic numbers in parentheses refer to Literature Cited, p. 124. 
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the eastern strain of the aster yellows virus described by the above- 
mentioned workers is the one involved in the study of Lactuca reported 
herein, but no effort has been made to verify the assumption. 


MATERIALS 


AMERICAN GARDEN VARIETIES 


The following varieties of Lactuca sativa L. from American sources 
were grown over a period of several years, and notes were made on 
their reaction to aster yellows: Asparagus, Batavian Bath Cos, Bibb, 
Big Boston, Black-Seeded Simpson, Brown Batavian, California 
Cream Butter, Chavigne, Crisp as Ice, Dark Green Cos, Deacon, 
Deer’s Tongue, Density, Denver Market, Early Curled Simpson, 
Giant Summer, Golden pate Grand Rapids, Green Madeira Winter, 
Green Province Cos, Hanson, Hardy Green Winter, Hardy Red 
Winter, Hubbards Market, Iceberg, Imperial-C, Imperial D, Imperial 
F, Imperial 44, Imperial 152, Imperial 615, Imperial 847, Imperial 
850, Malta, Mammoth Black-Seeded Butter, Marvel, Maximum, May 
King, Mignonette, Milly, New York Regular, New York 12, New 
York 515, Paris White Cos, Prize Head, Salamander, Speckled Dutch 
Butter, Tennisball, Tom Thumb, Unrivalled, and Wayahead. 


EUROPEAN GARDEN VARIETIES 


The following European varieties of lettuce obtained from Vil- 
morin-Andrieux & Cie., Paris, France, were included among the 
varieties studied: Batavian Bath, Brown Batavian, Brown Genoa, 
Brown Stolid, Brown Stonehead, Brown Winter, Giant Summer, 
Green Madeira Winter, Green Province Cos, Hardy Green Winter, 
Hardy Red Winter, Madeira Large Winter, Market Gardener’s Red, 
Marvel, Milly, Red Edged Victoria, and White Batavian. 


INTRODUCTIONS 


In addition to the varieties just listed a large number of strains 
of Lactuca obtained from various foreign sources through the Division 
of Plant Exploration and Introduction have been grown and their 
reactions to the aster yellows virus have been noted. These strains 
had the following P. 1. numbers: 113351 to 113353, 114033, 115189 
to 115191, 115476, 115591, 115592, 115943, 116517, 116933, 117208 
to 117216, 117892 to 117895, 118306, 118307, 118309 to 118317, 
118319 to 118321, 118601, 118683, 118684, 119773, 120932 to 120938, 
120940 to 120949, 120951 to 120966, 121935 to 121938, 121940, 
124124, 127335, 131425, 133493, 133494, 134205, 134206, 138584 to 
138598, 138912, 140392 to 140402, 141680 to 141683, 141961, 141962, 
142863 to 142872. Many of these introduced strains were obviously 
American and European named varieties or very similar strains, but 
no attempt was made to identify them. 


WILD SPECIES 
The following Lactuca species obtained from the sources indicated were 
included in the tests in 1939, 1940, 1941, and 1942: 
Lactuca altaica Fisch. and Mey., from Egypt, through Division of Plant 
Exploration and Introduction. 
L. bourgaei (Boiss.) Irish and Taylor, from England, through Division of 
Plant Exploration and Introduction. 
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. canadensis L., collected in Maryland. 
. foridana (L.) Gaertn., collected in Maryland. 
L. graminifolia Michx., from South Carolina, through the late J. B. Norton, 
. indica L., from China, through G. L. Stebbins, Jr. 
. marschallii Stebbins, from Sweden, through G. L. Stebbins, Jr. 
. muralis (L.) Fresen., from Sweden, through G. L. Stebbins, Jr. 
. perennis L., from Wayside Gardens, Mentor, Ohio. 
. raddeana Maxim., from Union of Soviet Sociali t Republics, through 
Division of Plant Exploration and Introduction. 
L. saligna L., from Ohio, through G. L. Stebbins, Jr. 


L. saligna L. (P. I. No. 120950), from Turkey, through Division of Plant Ex- 
ploration and Introduction. 


L. serriola L., collected in Rock Creek Park, D. C. 


L. serriola L., (P. I. No. 114512), from Sweden, through Division of Plant 
Exploration and Introduction. 


L. serriola L. (P. I. No. 114535), from Afghanistan, through Division of Plant 
Exploration and Introduction. 


L. serriola LL. (P. I. No. 125819), from Afghanistan, through the Division of 
Plant Exploration and Introduction. 


L. spicata (Lam.) Hitche., collected in Virginia. 
L, squarrosa (Thunb.) Miq., from Union of Soviet Socialist Republics, through 
Division of Plant Exploration and Introduction. 


L, squarrosa (Thunb.) Miq. (L. laciniata (Houtt.) Makino), from Asia, through 
Division of Plant Exploration and Introduction. 


L, tatarica (L.) C. A. Mey., from Cap d’Antibes, France, through G. L. Steb- 
bins, Jr. 


L. virosa L. (annual form), from Surrey, England, through Division of Plant 
Exploration and Introduction. 


L. virosa L. (biennial form), from Stockholm, Sweden, through Division of 
Plant Exploration and Introduction. 


METHODS 


The tests for response to the aster yellows virus were all made 
under field conditions. The seed was planted in wooden flats in a 
greenhouse, and when the seedlings were large enough to transplant 
they were removed from the flats and set in 5-ounce paper drinking 
cups. The plants were later transplanted to the field where they 
were exposed to natural infection. The large number of strains to 
be tested made it impractical to attempt controlled inoculations. 

Many of the varieties of cultivated lettuce were grown for only 
one season. If a variety showed a fairly large number of yellows- 
infected plants, it was considered susceptible and probably of no 
value for breeding for resistance and was eliminated from future tests. 
If the number of infected plants was quite small in the first planting, 
the variety was grown again before eliminating it. 


RESULTS 


The loss from aster yellows in spring lettuce has always been very 
high in plantings at the Bureau of Plant Industry Station, Beltsville, 
Md. Even in years when the percentage of affected plants has been 
lowest, field tests for varietal response to the virus have been satis- 
factory. A high percentage of the plants of susceptible varieties 
have always been diseased when the crop has been started early. 


CULTIVATED VARIETIES 


It was at first thought that some of the plants of the cultivated 
varieties that did not develop yellows might be resistant. Many 
such plants have been tested for resistance in succeeding generations, 





122 Journal of Agricultural Research Vol. 69, No. 3 





but in no case have they shown indication of resistance. In 1937, a 
year of high field infection, approximately 10,000 plants of many 
cultivated varieties and strains were checked throughout the season 
for plants that escaped infection. Many of the plants were lost during 
the summer from causes other than aster yellows. At the end of the 
season (late August) only 1 plant that did not show infection with 
yellows survived to produce seed. Seed of this plant was saved, 
and 200 plants were grown in the field the following year. Some of 
these escaped the yellows, but none of them showed any indication 
of resistance in later generations. 

Because of the great number of leafhoppers present in the fields 
where these tests were conducted, it has often been difficult to see 
how any plants could escape inoculation. As the season advanced 
the number of infected plants increased, greatly magnifying the 
chances for the spread of the virus. However, numerous icant 
tests of disease-free plants of the cultivated varieties indicate that 
they escaped inoculation rather than that they were resistant. 

That the yellows-free individuals are plants that have somehow 
escaped infection and are not resistant is as would be expected, since 
natural crossing in lettuce is limited and most varieties are highly 
homozygous. For this reason, it seems fairly safe to assume that the 
appearance of even a small percentage of diseased plants in a popula- 
tion is sufficient to permit the variety to be classed as susceptible. 
Single 50-foot rows of many varieties were enough to show their 
susceptibility; however, as many as 200 plants of some varieties were 
grown. 

All 200 lots of cultivated lettuce obtained from American and 
European seedsmen and from various foreign sources, through the 
Division of Plant Exploration and Introduction, were found to be 
susceptible to the aster yellows virus. Although the varieties tested 
do not exhaust the list of known varieties and strains of cultivated 
lettuce, the number of strains included makes doubtful the finding of 
genetic factors for resistance to the aster yellows virus in Lactuca 
sativa. 

WILD SPECIES 


Preliminary tests of wild species indicated that some of them were 
much more resistant to the virus than the cultivated varieties. A 
replicated plot test was set up with the intention of growing 4 repli- 
cated plots of 25 plants of each species. Such tests were carried out 
over the 4-year period, 1939 to 1942. A few species were added to the 
list after the tests were started; hence they were not grown all 4 years. 
Some of the species were found to be especially susceptible to diseases 
other than aster yellows. In some cases an entire replication of 
certain species was lost through attacks of some of these diseases. 
Heavy rains in some seasons and severe drought in others resulted in 
damage to and loss of plants. As a consequence of these and other 
factors there were great differences both in the number of plants per 
plot and in the number of plants of different species. 

In the meantime hybridization studies in which the genetic compat- 
ibility of many of these wild species with Lactuca sativa was investi- 
gated were reported by Thompson (8) and Thompson, Whitaker, 
and Kosar (9). The studies indicated that, because of genetic 
incompatibility, many of the wild species could be of no value for 
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breeding even though they might be highly resistant to aster yellows. 
The results from the field tests of wild species are given in table 1 
in terms of percentage of plants showing symptoms of aster yellows. 


TABLE 1.—Summary of data on reaction of some species of Lactuca to the aster 


yellows virus 
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Since the loss of plants from various causes introduced great varia- 
tion in the field plot data and all but two of the species have been 
eliminated as possible breeding material because of their genetic incom- 
patibility with Lactuca sativa, no attempt has been made to use the 
data to indicate the relative significance of the differences in the 
response of the species to the aster yellows virus. 

Three of the 22 species and strains of wild lettuce included in these 
tests (Lactuca bourgaei, L. marschallii, and L. tatarica) seemed im- 
mune to the virus. No plants of any of these 3 species showed symp- 
toms of yellows in any of the replications in any of the years in which 
they were tested. Thompson, Whitaker, and Kosar (9) and Thompson 
(8) found that these 3 species were genetically incompatible with 
Lactuca sativa; hence, they are of no direct value in breeding for yellows 
resistance in cultivated lettuce. 

Four 17-chromosome species (Lactuca canadensis, L. floridana, L. 
graminifolia, and L. spicata ) showed comparatively low percentages of 
diseased plants. These 4 have also been found by the above-named 
writers to be genetically incompatible with L. satwa; hence, they are 
of no direct value as breeding material. The appearance of yellows i in 
some of these species is not proof of complete susceptibility as is the 
presence of diseased plants in cultivated varieties, since some of the 
former are not entirely homozygous and some degree of resistance 
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may be present in some plants even though many plants succumb to 
the virus. 

Lactuca squarrosa (L. laciniata) and L. virosa had consistently high 
percentages of diseased plants and are apparently very susceptible to 
the virus. These two species have also been found to be genetically 
incompatible with L. sativa. 

Of the 22 species and strains tested only the strains of Lactuca 
serriola and L. saligna indicate value as breeding material and there is 
some question whether any use can be made of L. saligna. The data 
indicate that 2 strains of L. serriola, the local strain and P.I. No. 114512, 
and the 2 strains of L. saligna may be of value in breeding for aster 
yellows resistance in L. sativa. The L. serriola strains cross readily 
with L. sativa and give fertile progenies. So far it has not been possible 
to cross the L. saligna strains with L. sativa. The L. saligna strains 
have both been crossed with L. serriola, and partly fertile hybrids 
have resulted. It may be possible to use the ZL. saligna strains in 
breeding by transferring the desired hereditary factors to L. serriola 
and then through the hybrid to L. satiwa. So far the attempt to make a 
cross between the L. serriola « L. saligna hybrid and L. sativa has 
not been successful. An important point not yet investigated is 
whether the low disease incidence of these L. serriola and L. saligna 
strains is due to direct resistance to the virus or to some peculiarity 
of the plant that repels the vector. The consistently low percentages 
of diseased plants occurring in these 4 strains indicate that they have 
some capacity for resisting virus infection and may be of value in 
breeding for resistance to the aster yellows virus. 


SUMMARY 


Two hundred varieties and strains of cultivated lettuce and 22 wild 
species and strains of Lactuca were tested under field conditions for 
their reaction to the aster yellows virus. All the strains of the culti- 
vated varieties indicated susceptibility to the virus. The wild species 
varied greatly in their susceptibility to infection under field conditions. 

Lactuca tatarica, L. bourgaei, and L. marschallii seemed to be im- 
mune to the aster yellows virus, but they have no direct value in 
breeding for resistance, since they have been found to be genetically 
incompatible with the cultivated varieties. 

Two strains of Lactuca serriola and two strains of L. saligna showed 
marked ability to escape infection. These species may prove to be of 
value in breeding for resistance in cultivated lettuce; especially the 
L. serriola forms, which cross readily with cultivated lettuce. 

The 17-chromosome species (Lactuca canadensis, L. spicata, L. 
graminifolia, and L. floridana) as a group indicated some ability to 
escape infection, but they offer no promise as material for breeding 
for aster yellows resistance, as they have been found to be genetically 
incompatible with the cultivated form. 

Lactuca virosa and L. squarrosa (L. laciniata) are highly susceptible 
as was indicated by a consistently high percentage of infected plants. 
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DIFFERENTIAL EFFECTS OF TEMPERATURE ON 
DEVELOPMENT OF THE BEET LEAFHOPPER '? 


By F. H. Harries 


Associate entomologist, Truck Crop and Garden Insect Investigations, Bureau of 
Entomology and Plant Quarantine, Agricultural Research Administration, United 
States Department of Agriculture 


THE 


INTRODUCTION 


The maturation and time of movement of the spring generation of 
beet leafhoppers (Hutettix tenellus (Bak.)) from desert breeding areas 
to the cultivated sections and the seasonal sequence and number 
of the generations produced annually are governed largely by tem- 
perature. Since it was desirable to know more definitely the direct 
effect of temperature and changes in temperature on development of 
the insect during investigation of these and other problems of sea- 
sonal development, maturation of the different stages of the leaf- 
hopper was studied under controlled conditions. 

Investigations by various workers (6,8,9, 10, 13)* have indicated that 
insect development may occur more rapidly at varying temperatures 
than would be expected from results obtained at constant tempera- 
tures. This effect has usually been attributed to a stimulus pro- 
duced by temperature changes or, conversely, to an inhibitory influ- 
ence of the unnatural exposure to the same temperature during the 
entire period of development. With few if any exceptions, effects of 
temperature on the rate of insect development have not been shown 
directly, but have been evaluated on the basis of end results indicated 
by index values taken as reciprocals of the time required to complete 
definite stages of metamorphosis. In this method it is assumed that 
at different temperatures the same portions of development require 
equal fractions of the total time necessary for completion of de- 
velopment. 

There is evidence, however, that two or more growth phases 
unequally affected by different temperatures may. occur within the 
same stage of development. This was shown by Crozier (8) from 
data by Titschack (15) on the pupal period of Tineola bisselliella 
(Hum.) and by Bliss (2) on the prepupa of Drosophila melanogaster 
Meig. Brown (4), analyzing the same data in conjunction with 
further studies on the development of a cladoceran at different tem- 
peratures, concluded that, in accordance with the nature of the equa- 
tion proposed by Crozier, the analytical expression used to describe 
growth must have at least two velocity constants unequally affected 
by different temperatures. Powsner (14) showed that the tempera- 
ture coefficient differed in successive portions of the embryonic period 
of D. melanogaster, and other data on the pupal stage of the same 
insect by Ludwig and Cable (1/1) support this interpretation. 

1 Received for publication April 22, 1943. 

2 The writer is indebted to J. R. Douglass and W. C. Cook for supervision during the present study and 


to P. N. Annand for other assistance and suggestions. 
3 Italic numbers in parentheses refer to Literature Cited, p. 135. 
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When eggs of the beet leafhopper were exposed alternately for 12- 
hour periods to two temperatures, development was always completed 
in less time than would be expected on the basis of the time required 
for complete development at each constant temperature (9). This 
difference in time represents a stimulating effect of change in tem- 
perature provided the course of development is modified solely by 
the time required for completion of the entire stage. To determine 
if any factor besides time is involved, the experiments described in 
this paper were initiated. 


METHODS 


The eggs and nymphs were obtained from a supply of adults that 
had been collected in the fall and kept in the laboratory during the 
winter. Small sugar-beet plants selected for uniformity of size and 
color were used as hosts. They were grown in the greenhouse in 
4-inch pots and were used when about 4 to 6 inches high. 

Eggs were obtained by placing gravid females on the plants in small 
cages designed to fit snugly around the petioles. After 12 hours the 
cages were removed and the portions of the plant in which the eggs 
were embedded were marked with ink. Toward the end of embryonic 
development the cages were again placed over the petioles to confine 
the young nymphs. In studies of the nymphal stage the insects were 
confined in cages placed over entire plants. These cages were about 
6 inches high and 3 inches in diameter, and were made of thin, fine- 
meshed cloth over a frame of celluloid ribs. A metal band attached 
to the frame was pressed into a layer of sand covering the soil around 
the potted beets. Both types of cages were designed to provide a 
maximum circulation of air, and thus to minimize any effect of trans- 
piration on temperature and atmospheric moisture within the cages. 

The insects were exposed in cabinets‘ in which the temperature 
was controlled within 1° F. and the relative humidity was kept be- 
tween 49 and 51 percent. Continuous records were obtained with 
hygrothermograph recorders, and temperature and humidity within 
the cages were checked with a thermometer and a small dew-point 
tube. Insects were subjected to a change in temperature during 
development by transfer from one chamber to another. Some groups 
of eggs and nymphs were transferred from a higher to a lower tem- 
perature and others from a lower to a higher temperature. Direct 
observations of the growth of nymphs were made daily by weighing 
groups of 50 on an analytical balance. 


RESULTS AND DISCUSSION 


The effect of exposure of the beet leafhopper at one temperature 
for the first part of the egg or nymphal period and at another tempera- 
ture for the remainder of the stage is shown in table 1. The duration 
observed when the temperature was changed is compared with that 
expected on the basis of the durations observed when the insects were 
exrosed for the entire stage at each of the temperatures involved. 


4ANNAND, P. N., and HARRIES, F.H. TEMPERATURE-HUMIDITY CONTROLLED CABINETS FOR THE STUDY 
or tNsEcts U.S. Bur. Ent. and Plant Quar. ET-159, 6 pp., illus. 1940. [Processed.] 





























Aug. 1, 1944 Effect of Temperature on the Beet Leafhopper 129 





TaBLE 1.—Duration of the egg and nymphal stages of the beet leafhopper when 
exposed for different periods to one temperature before being allowed to complete 
development at another temperature 









































EGG STAGE 
| 2 
Temperature® F. | Indi- Duration | Duration of stage Relative 
o | viduals | of exposure __| difference 
| hatched | to first tem- | in dura- 
First Second | orreared | perature Observed | Expected | Difference | tion! 
| | 
| | 
| | Number Days Days Days Days | Percent 
90_- -| 65 603 0.0 SS A 2 AOS eerie eae tee he 
eae: | » 280 A ee a eee eee eceiien ree 
| | 135 1.0 21.634 .08 223.15 —1. 52 | —5.8 
| | 110 1.5 | 20.124 .09 | 21. 54 —1.42 —5.4 
| 219 2.0 | 18.12+ .06 19. 94 —1.82 —6.9 
| 287 2.5 | 16.69 .08 | 18. 34 aes 6.3 
ae eee 2D : Saeeeeaee at 280 3.0 14, 86+ .06 | 16.74 —1. 88 —7.1 
| 86 3.5 13.174 .07 | 15.14 —1.97 —7.5 
158 4.0 11.45+ .08 | 13. 54 —2.09 —7.9 
177 4.5] 9.73 .05 | 11. 94 —2. 21 | —8.4 
| 100 5.0 8. 24+ 09 | 10. 34 —2.10 —8.0 
171 4 9. 28 .02 | 9.32 —.04 | te 
169 5 10. 11+ .03 10. 08 - 03 | 5 
65 | 90 244 10 13.614 .03 | 13. 89 —. 2 | —4.5 
Rye ee ee a ee 392 12 15.424 .04 15. 41 01 .2 
| 158 15 17.81 .04 17.70 11 | 1.8 
| 236 20 22. 20+ . 02 | 21.51 | - 69 | 11.0 
NYMPHAL STAGE 
|| Re poe 75. . | 423 0 14. 50+0. 07 See? ae ae 
| ee 90_- | 463 0 RTM LS loc sate [on etea ge di 
156 3 25. 084: . 22 | 24. 81 27 1.0 
90 75 | 412 6 21.49+ .13 | 22.12 —.63 —2.3 
ees a ° 486 | 9 17.874 .13 | 19, 43 —1. 56 —5.7 
239 12 16. 78+ .19 16. 74 . 04 A 
226 | 5 | 1751+ .08 | 16. 86 65 4.5 
75 9 146 | 10 13 | 19. 23 . 85 | 5.9 
sb ne el Pea ia aa 158 | 15 zoe: 21. 59 1, 43 | 9.9 
| 226 20 | 26.014 . 10 | 23. 95 2.06 | 14,2 
| ' i 1 








1 Difference in duration of stage expressed as percent of time required for development when exposed to 
the second temperature only. 


2 Expected duration in this case =1+22 (26. 35). 

When the change was from the higher to the lower temperature, the 
observed duration of development was usually shorter than the ex- 
pected duration. Although only one change in temperature was 
made, some of the data show a decrease in duration of the stage com- 
parable with that produced when temperature changes were made 
twice daily. On the other hand, when the change was reversed the 
duration was usually longer than expected. These differences seemed 
to increase as the duration of exposure at the first temperature in- 
creased. Corresponding differences associated with increases and 
decreases in temperature were not well correlated, but this could 
probably be expected, since the values are especially subject to experi- 
mental error in being dependent on the accuracy of three different 
means, the interval required for complete development at each of the 
two constant temperatures, and the interval required when the change 
was made from one constant temperature to another. 

From such results it may be concluded that the relative durations 
of successive phases of development within the egg and nymphal stages 
differ at different temperatures. For example, the percentage of 
growth attained after half the time required for completion of the 
stage at a given temperature may be more, or less, than that reached 














130 


Journal of Agricultural Research Vol. 69, No. 2 





after half the time necessary at a different temperature, and a change 
from one temperature to another may result in apparent differences in 
developmental time without actually exerting a stimulating or inhibit- 
ing effect. 

The progress of nymphal development at different temperatures is 
shown more directly by the daily weights given in table 2. These 
determinations are averages for a large number of nymphs, but since 
the insects were weighed in groups of 50, calculation of the standard 
errors was precluded by the limited number of samples. 


TABLE 2.—Average daily weights of the beet leafhopper during nymphal development 
at different constant temperatures and 50 percent relative humidity ! 












































| 100° F. | 90° F. 85° F. 80° F. | 75° F. 
. ee | | | | | | | 

Days after hatching] | | Aver- | | Aver- Aver- | Aver- | | Aver- 

| Insects | | age | Insects | age |Insects} age Insects | age | Insects| age 

| weight | | weight weight | we eight | weight 
-~ | | | 

| Milli- | | | Milli- Milli- | | Milli- Milli- 

wed gram |Number| gram |Number| grams |Number| grams |Number| grams 
1 ~ 350 | 0.047 300 | 0 0. 043 400 | 0.043 450 | 0.042 400 0. 040 
SS pao | 350 . 060 350 053 350 . 051 400 . 051 400 . 045 
SERA eae | 350 | [084| 400| ‘067| 350] 088 | 500} 055] 450} 048 

350 -101 400 . 084 400 . 067 | 450 . 065 450 . 054 
Dein | 350 . 157 400 - 126 350 . 086 | 400 . 078 400 . 061 
eee 350 . 202 | 500 . 168 400 . 104 | 350 - 100 400 . 069 
aaa | 350] .280| 450| .198 350} .143} 400) .123 500 . 082 
ee | 350 | .389] 400 | .279 400| .174} 400| .153 500 . 090 
ss a ; | 350 | .481 | 500 | +335 400 - 208 | 600 . 189 600 | .110 
ae ecu? aD | Seen) as 350 | .273 | 350) .228 550 | . 133 
11. scccces] 980) 201] <@80| oo? 350 | . 353 450 |  . 256 550 | . 154 
12... seal 350 | .800 500 . 680 400 . 397 | 450 | .319 550 . 173 
_ peeked 350 |. 828 | 550 |. 835 350 527 | 350 | .342 500 . 194 
1 Eee Oe | aes 260 | .994 350| .619| 450] .417 600 215 
Nee Ee sea RAE Seep eivuccnes 300 . 740 | 350 - 482 550 . 234 
eee —e a ak ane as ae 300 814 | 350 | = .590 550 . 279 
| Se (ce BA PERE ee ae 180 1.004 | 350 | .725 650 . 313 
| aaa = Se 2 Ge ERR Ey Sets Ss ‘ 250 | .791 550 . 364 
GE SSS SS Ss ES © (ES a! PS RIS | 250] .906 550 .412 
1 SAAS RR CRS Rp (ae, Uae 200 | 1.043 550 . 444 
a ..--| 400] 544 
22 2 450 | . 622 
een -| 600} .658 
es as ons | -| 550] 739 
25 --| 500] .868 
26 | 400 913 
27 -| 250 | 1.064 
a | —-——-— — ee - 
Average age when 
becoming adult | 
| Rea 13. 84 14.5 17. 39 20. 48 | 27. 48 


1 The last cota in each column is that of the newly aisdienhin adult. 


In figure 1 the daily course of growth is shown to define a typical 
sigmoid curve, in which the growth rate increases during the major 

art of the period and then decreases as the adult state is approached. 

he ratio of daily increase in weight, or the relative rate of growth, 
may be shown by plotting the logarithms of nymphal weight ‘against 
time, as in figure 2. A linear distribution of ‘the logarithms of suc- 
cessive weights would indicate a constant value for the relative rate 
of growth. The entire curve for each temperature is not a straight 
line, however, but appears to consist of linear segments of different 
slopes, which indicate that growth occurred at different constant 
rates in successive periods. These segments probably represent the 
five nymphal instars. With linear measurements of the mouth parts 
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of Drosophila melanogaster, Alpatov (1) showed that the growth 
curve consisted of three distinct segments when based on larvae of 
the same age, and that these periods were delineated as three com- 
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plete growth cycles when data on the different instars were plotted 
separately. Similar S-shaped curves were shown by Brindley (4) for 
larval growth of Ephestia kuehniella Zell. and Tribolium confusum 
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Duy. at a constant temperature, but the 3-day intervals at which 
the weight increments were determined were evidently too long to 
show possible differences in the rate of growth in different instars. 
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A comparison of the time course of growth at different tempera- 
tures is shown in figure 3, where the time factor is expressed in per- 
centage of the total time required for development and the weight 
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ch factor in percentage of the adult weight. These curves, which are 
to based on figures calculated from the regression lines of figure 2, show 


distinct divergence in most cases with differences of only 5° F., and 
the divergence becomes greater with greater differences in tempera- 
ture. The fact that the curves do not coincide throughout shows 
that the relative rate of growth at different periods varies with the 
temperature, as was demonstrated by data in table 1 on the time 
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FicgurE 3.—Nymphal-growth curves at different temperatures, in which per- 
centage of the adult weight is plotted against the percentage of the time 
required for development. 


required for nymphal development in successive exposures to two 
| different temperatures. 

Regardless of the acceleration produced by changes in temperature, 
the nature of the growth curves makes it impossible to compute 
accurately the degree of acceleration from data on the duration of 
the entire stage at constant temperatures. Crozier (8) has shown 
that part of the difference in time resulting from a change from one 
temperature to another may be retained following a transfer back to 
the first temperature. It is uncertain how much of the apparent 
acceleration due to alternate 12-hour exposures to different tempera- 
599130—44——4 
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tures (9) may be accounted for in this way, since differences in time 
resulting from changes in temperature would seem to be rather closely 
compensating in opposite transfers. In the same way effects of diurnal 
changes and alternate variations in temperature under natural con- 
ditions would tend to be compensating. In view of the effects of 
successive exposures to two temperatures shown in table 1, the 
greatest apparent acceleration or deceleration would evidently occur 
in successive periods of cool and warm weather and during the spring 
and fall when differences in daily mean temperatures are most pro- 
nounced. The relatively more rapid development at lower tempera- 
tures in the later nymphal stages would evidently be of considerable 
advantage to the species in permitting more of the larger nymphs, 
which occur abundantly late in the fall, to reach the adult stage, in 
which the insect passes the winter. 

Some acceleration in rate of development of the beet leafhopper 
under alternating temperatures was observed in cases where the lower 
temperature was apparently well below the minimum for complete 
development (9). These differences in time cannot be explained on 
the basis of the foregoing discussion since the entire development must 
be assumed to have occurred at the higher temperature. Exclusive 
of diapause effects in exposure to cold, as reported by Bodine (3), 
Parker (12), Burdick (6), and others, evidence of a direct stimulus is 
shown by the results of exposure of other insects to temperatures 
below developmental zero, as in studies of Ludwig (10), Ludwig and 
Cable (11), and Cook (7). Cook found that the metabolism of cut- 
worm larvae was accelerated at higher temperatures after exposure to 
cold near developmental zero and then gradually declined until a 
constant rate was reached. This effect was renewed in successive 
exposures to maintain an accelerated rate at the higher temperature. 

The occurrence of successive growth phases that differ only in 
temperature coefficient may make it extremely difficult to determine 
the actual amount of stimulus or retardation produced under vary- 
ing temperatures. As a result of this limitation in conventional 
methods of analysis based on duration of the stages, other time dif- 
ferences may be shown that are not attributable to a stimulus of 
temperature changes or, conversely, to an inhibitory: influence of 
unnatural constant temperatures. Although problems of the rela- 
tion of temperature to insect development are made more difficult, 
such effects of differences in temperature coefficient are important to 
an understanding of the influence of environment and to the proper 
interpretation of experimental results. 


SUMMARY 


The development of eggs and nymphs of the beet leafhopper 
(Eutettix tenellus (Bak.)) when exposed at one temperature for a given 
length of time and allowed to complete development at a second 
temperature was studied in the laboratory. The observed time was 
compared with that expected on the basis of the time required when the 
temperature was not changed. 

A change from a higher to a lower temperature resulted in com- 
pletion of development in a shorter time than was expected. This 
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effect was evidently not due entirely to a direct stimulus, since a 
reverse change between the same two temperatures usually resulted 
in an increase in the time required rather than a decrease. The dif- 
ferences in time required for development more logically indicated 
that the difference in growth rate at two temperatures was less in 
the earlier part of the embryonic and nymphal periods, and greater 
in the later parts, than was indicated by the average rates based on the 
time required for completion of the entire stages at each temperature. 

Other studies of the time course of growth were made by weighing 
the nymphs daily during their development at different temperatures. 
When logarithms of the weights were plotted against time, the curves 
appear to consist of segments of different slope, which indicate that 
the growth rate differed in the five nymphal instars. The fact that 
the curves did not coincide when superimposed by expressing time 
and rate in percentages corroborated the previous results in showing 
the presence of two or more phases within the nymphal stage that are 
unequally affected by different temperatures, 
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